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CHAPTER I

THE PROBLEM

Shellfish rank high on lists of favorite foods in the United
States.

They also provide the basis for much partisan discussion as

to which area produces the most tempting varieties.

People of the

Eastern Seaboard say., "Our oysters are the best in the world."
Puget Sound natives sneer and maintain that Eastern oysters "aren't
even in the same league." Maryland thinks blue crabs best; Westerners are convinced that Dungeness Crabs have far superior flavor.
So it goes, each section of the United States maintaining that its
product is best.

In any event, the shellfish industry is coming of age.

Improved methods of canning, freezing, and shipping now enable an
individual to judge for himself which is best.

Since Washington has a

significant shellfish resource and its products are involved in this
controversy., the author has become interested in taking a close look
at this resource.
Research was based primarily on the Central Washington
College library; however, by corresponding with the Department of
Fisheries and Department of Natural Resources, valuable information
was obtained.
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Approximately 20 per cent of the total annual seafood
production in Washington State waters and 33 per cent of the annual
dollar value are received from stocks of shellfish that thrive along
the Pacific Ocean shore., coastal harbors., and inland waters of Puget
Sound.

Oysters rank first and Dungeness Crab second.

Fisheries

for ocean shrimp., although of lesser econo.mic importance, are
expanding., as is clam production.

Improved methods of cultivating

and harvesting with power dredges have accounted for this expansion.
Research now in progress at the Washington State Shellfish Laboratory at Quilcene., Washington., dealing with the development of a
commercial clam., the Eastern Quahog., promises to expand still
further the shellfish industry of Washington (6: 1).
This paper will explore the salt water shellfish resources
of Washington State.

Particular emphasis will be placed upon the

Pacific and Olympia Oysters., the Dungeness Crab., the research being
done at Quilcene., and the lesser varieties of shellfish., including
shrimp and the hardshell species of clams.

The latter includes the

littleneck., butter., Manila., and geoduc clams.

A major emphasis will

be the commercial importance of the shellfish., but the sportsman and
the expanding role of Washington as a summer recreation area will
not be overlooked.

CHAPTER II

OYSTERS

Oysters rank first in shellfish production in the State of
Washington., two species accounting for virtually all the output.

The

Japanese or Pacific Oyster is the mainstay of the industry., but the
production of the native or Olympia Oyster is significant (6:55).
Although Pacific Oysters rank first commercially., the Olympia
Oysters are more valuable on a pound-for-pound basis.

I.

PHYSICAL FEATURES

Several factors account for favorable oyster rearing conditions in Washington.

Willapa Bay., the major center of oyster produc-

tion, will serve as an example of these features.

Willapa Bay is

protected from the chilling winds of the Pacific by the Long Beach
Peninsula.

Geologically, Long Beach is the result of the Columbia

River and the Davidson Current.

As centuries passed, the soil

carried along by the Columbia was taken northward fro.m its mouth
by the Davidson Current and deposited to form the present peninsula.
At present much of the Columbia River's water, .mixed with ocean
water, replenishes Willapa Bay's supply of che.micals and food for
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the oyster by tidal action.

Part of this is tiny aquatic organisms, or

diatoms, and part is phosphates and nitrates that aid the multiplication
of the diatoms (2:19).
Climate is also a controlling factor.
of the cool winters give rise to many rivers.

The abundant rainfall
The Willapa., the Palix,

the Nemah, the Naselle, and others flow into the Bay.

The result is

an excellent mixture of fresh and salt water, both indispensable., for
the rich supply of food an oyster requires for quick and healthy growth
(2:19).
A third factor worth noting is the depth of Willa pa Bay.
Although it does vary, it has the advantage of a considerable expanse
of relatively shallow water.

Griffin stated, "In one section I have

walked out, even at high tide, almost a mile in the warm, lazy water
and not been beyond waist depth" (2:18).

The critical temperature of

68 degrees, significant in producing best spawning conditions, is more
easily attained in shallow water, especially in these North Pacific
fisheries (3:55).
Historically, the native or Olympia Oyster was most important in Washington's fisheries; however, since 1931 the Pacific Oyster
has been the leading specie.

Many oystermen maintain that the decline

of the Olympia Oyster can be attributed to the pulp mill waste from the
pulp mill in Shelton.

The Olympia Oyster production has declined from
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a peak of 580,740 pounds in 1926 to 167,600 pounds in 1943.

These

figures become significant when they are compared with the production
of pulp. When the mill was opened in 1927, 45,000 tons of pulp were
produced and by 1943 pulp production had risen to 74,000 tons (4:124).
In 1957, total production of Olympia Oysters was 17, 647 pounds {5:69).
All commercial Olympia Oyster production is located in
Southern Puget Sound (see Table I).

Usually this species involves

more intensive production practices than does the Pacific Oyster.
An extensive diking system, first used in 1900, increased the production of oysters very rapidly.

Practically all oystermen adopted it.

This diking keeps the oysters covered at all times.

Keeping the

oysters covered permits them to feed at any time, thus they mature
much faster {4:Ch. IV).

II.

LIFE CYCLE

The oyster is a bisexual animal; the organisms of both the
male and the female are within the same shell.
common to both species.

The female Pacific Oyster may spawn as

many as two hundred million eggs a season.
fertilized by the male.
per season.

Sex reversal is

The eggs drift until

The Olympias spawn only about 250, 000 eggs

The female Olympia Oysters retain their eggs for a week

until they are fertilized by the male sperms present in the water.
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They are released by the females after the tiny larvae have developed
protective shells (3: 55).
Despite the enormous reproductive capacity, there is a
relatively low survival rate.

Steele writes., "Only one in a million is

lucky enough to grow up and be stewed" (4,42).
The fertilized eggs., now called spat, encased in their tiny
shells., spend the next three or four weeks swimming or drifting with
the tides.

Instinctively., the spat seek some clean., solid surface on

which to attach themselves.

This is accomplished with the secretion

of an adhesive substance discharged by the oyster.

Once affixed., the

young oyster will remain for the balance of his life., unless moved by
man.

This process is called setting (6:2).
The Olympia Oysterman knows that if he is to get the

maximum setting he must have his seed ground covered with a suitable
cultch.

Cultch is a material used for collecting oyster spat.

Commonly

the cultch used is oyster shells obtained from an oyster opening house.
Since the Olympia oyster production depends on native seed., it is
important to spread the cultch as near the time of setting as possible
so the set can take place before the shells become silted and dirty (4:43).

III.

SOURCES OF SEED

It is almost impossible to obtain a completely satisfactory
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set of spat because of the cool summers in the Northwest waters.
To guarantee a yearly supply of Pacific Oysters., an oyster grower
must have a reliable seed supply.

The Pacific Oyster seed., there-

fore., is augmented by an annual supply from Japan (3: 55).
Seed oysters from Japan are obtained from a large and
highly developed seed industry.
early April.

Preparations in Japan are begun in

In mid-July, strings of cultch are hung from racks on

horizontal poles in good spat collecting areas.

Care is taken to see

that the tips of the strings of cultch clear the bottom of the water by
at least ten inches at all times.

This precaution excludes the deadly

oyster drill from attacking the spats (3: 56).
In early September, the strings of cultch are removed
from their position and strung horizontally in the inter-tidal zone.
Here the spat are exposed to conditions quite unfavorable to them.
Ebb tides leave the spat exposed to air for hours.

This limits the

active period in the oysters' day and results in the survival of only
the strongest oysters.

The oysters that do survive develop thick shells

and have a gasket-like seal which enables them to retain sea water
between closed valves during their long exposure.

This stunts the

oysters' growth but develops an oyster hardy enough to survive the
long shipment overseas (3:56).
Regular inspections of the oyster seed insure the best
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possible seed at delivery to the oyster beds of Washington.
collector shell must have a minimum of ten spat.
have a diameter of one fourth inch.

Each

Each spat must

They are examined for possible

presence of drills or other oyster pests (3:56).

IV.

MATURITY AND HARVEST

A period of three and one half or four years brings both
the Pacific and Olympia Oysters to maturity.

The Pacific Oyster is

approximately twice the size of the Olympia Oyster.

Harvesting is

done by hand pie king or by power dredge.
Reaching maturity isn't easy for the oyster.

The oyster

drill., star fish., shellworm., crab., and sea gull are constant .menaces.
Chemicals have been developed to combat their enemies, and
research continues (4:71-72).

The oysters that do reach the market

provide some of the most delicious eating of all sea food.

E. N.

Steele concedes., "An oysterman's life is not an easy one., but the
Olympia Oyster is a food one is happy to produce, because it has made
millions of people delighted and full of praise for those who produce it. "
The oyster plays a useful role because he 1 s edible.,
The way he sidesteps birth-control is nothing but incredible.
The sons and daughters he begets are numbered by the myriad,
They' re known as spats the little brats throughout their baby
period.
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The way he multiplies his kind he merits no apologist.
And keeping track would wreck the .mind of any genealogist.
Of course as parents do, he likes his kiddies, sad or
humorous,

But he can't name the little tykes, because they' re too
numerous (4:42).
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TABLE I
NATIVE AND PACIFIC OYSTER PRODUCTION
(POUNDS OF MEAT)
1951-1957 (5: 69).
Year

Natives
Puget Sound

Puget Sound

Pacific
Willapa Bay

Grays Harbor

1951

107, 600

1, 991, 200

5., 096, 800

508,100

1952

120,200

2,347, 200

6, 232., 200

439., 000

1953

177,600

2, 412, 800

6, 588., 600

593., 900

1954

70, 899

3, 571, 461

5, 980., 021

811., 510

1955

56., 215

3.,374,191

5., 652, 186

1,053,745

1956

27., 440

3, 364., 345

5., 151., 362

1., 066., 6 51

1957

20., 169

3., 285, 449

5., 797, 077

850., 993

CHAPTER III

CRABS

One of the most popular items on Washington's seafood
menu is the Dungeness Crab.

This hard-shelled crustacean is

fished from the Aleutian Islands to Mexico.

In Washington., the

most productive grounds lie between the Columbia River and La Push.
Crabs are present in smaller numbers in Puget Sound.

The largest

Sound producing area is near Point Roberts (6:10).
Mating occurs chiefly in May and June.

The female,

after extruding her eggs., carries them attached to her abdomen
until late fall.

In early winter the female releases the shrimp-like

larvae and they become free swimmers.

The larvae are attracted

to light and often dense swarms of them may be seen near the shore.
One year after mating., the young crabs attain their adult form (6:10).
Three years from the time of mating the crabs have
reached sexual maturity and a difference in the growth rate appears.
The male crab spurts in growth to an average width of five and three
fourth inches while the female is approximately an inch less.

Most

females never reach a width of six and one fourth inches although
males are larger than this by their fourth year.

A male rarely
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reaches a width of ten inches (7:76).
The crab is an arthopod.
skeleton (7:67).

This means he has an exterior

In order for the crab to grow, he must shed this

external covering and grow a new one (1: 143).

This shedding

process takes place during the summer months., usually June.

The

presence of these discarded shells often gives rise to false reports
that the crabs are dying in large numbers.

A new soft shell is

formed under the old covering which splits horizontally at the rear
and allows the crab to crawl out.

"The legs and abdomen are shed

in much the same fashion as one would remove his fingers from a
tight glove" (6: 10).
As the crab e.merges fro.m its old shell, its tissues
become saturated with water and expand rapidly to a greater size.
This is a critical period in a crab's life., and it seeks safety in the
sand.

Within a day or two the shell is almost rigid; however., the

crab is not suitable for market for two months because most of its
weight is water (1: 143).
Another characteristic of the crab worth noting is its
migratory habits.

Usually there is a migration from deep to shallow

water during the first six months of the year.

Along the Washington

Coast there is an additional tendency to move northward.
all generalizations there are exceptions.

As with

One crab tagged and
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released at Westport migrated eighty miles in a southerly direction
to Tillamook Bay, Oregon (6:10).
Only male crabs that measure six and one fourth inches
or more across the back may be taken for personal or co.mmercial
use.

Sexes may be distinguished in two ways: (1) most females

are less than six and one fourth inches at full maturity and (2) the
V-shaped abdomen of the female is broader than that of the male.
The stomach V on the male is one half as wide as it is long (6: 10).
Since the early 1950 1 s, Dungeness Crab production has
risen steadily in economic importance.

In 1957., 10., 835., 679 pounds

of crab meat were landed in Washington, an increase of 4., 217., 318
pounds since 1950.

The principal producing areas are Grays Harbor,

Willapa Bay, and Point Roberts (5:74).
"Crabbing" is an excellent recreational activity for
sportsmen.

A net with a medium handle is used as the crab fisher-

man wades into the surf to try his luck.
for personal use are six .males.

Daily possession limits
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TABLE II
SHELLFISH PRODUCTION
(POUNDS OF MEAT)
1951-1957 (5:73., 74, 75).

Year

Clams

Crabs

Shrimp

1951

1, 686., 203

4., 854,432

108., 093

1952

1,887., 552

4., 264., 937

17,299

1953

1., 956., 157

7,004,090

14., 894

1954

2., 163., 350

8, 310., 645

21., 557

1955

2, 57 5., 324

7, 149, 224

8., 248

1956

2., 358., 180

8., 843., 231

76., 475

1957

2., 201., 457

10., 835., 679

2., 452, 966

CHAPTER IV

CLAMS

The clam is probably the best known shellfish in the State
of Washington.

Clams are relatively easy to catch.

Anyone armed

with a shovel or other digging tool is a potential clam digger.

The

sportsman alone accounts for eleven .million razor clams., an
estimated 3., 650., 000 pounds., annually in Washington.

Commercial

harvest amounts to 700., 000 pounds per year (3:65).
The known production of hardshell and razor clams from
the natural beaches of the State of Washington probably does not
exceed four million pounds.

When this is compared to the oyster

production of fifty million pounds produced annually., a wide difference
is noted.

Yet the potential availability of the clam far exceeds that

of the oyster even if remotely comparable methods of cultivation were
used to produce these mollusks (3:63).

I.

LIFE CYCLE

The razor clam is perhaps the best known of the Washington
species.

An exceptionally rich., meaty shellfish., it is most abundant

on the Pacific Ocean beaches between the Columbia River and Copalis
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Rock# west of Aberdeen (3:64).
Razor clams reach sexual maturity at two years on the
Washington beaches and spawn in the late spring.
clams are in the best condition for eating.

At that time the

The spawn ripens in the

foot or digger of the clam and fertilization follows the discharge of
egg and sperm into open waters.

For six weeks the young clams

drift about or crawl on the bottom before setting.
the sand and adopt the adult mode of living.

They then dig in

High natural mortality

is balanced by the tremendous reproductive capacity of the razor
clam.

Females produce from six to ten million eggs annually (3:64).
The muddy appearance of the surf and beach along the

coast is caused by an abundance of diatoms and other microscopic
animals which provide the staple in the clams I diet.
not have to expose themselves to feed.

The clams do

Cilia at the external openings

allow feeding to be carried on below the surface (6:4).

II.

LOCOMOTION

Rapid movement is the razor clam's chief means of protection.

Its slender shell with a lacquer-like finish# combined with

.its powerful digger# enables the clam to submerge to a depth of several
feet at the rate of nine inches per minute (3: 64).
Although the razor clam is able to move vertically with
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ease, it does not .migrate between areas to any appreciable degree.
During recent growth studies by the Department of Fisheries, clams
were marked and planted in ten by twenty-five foot areas.

The clams

were dug, measured, and replanted as many as four times and in
each instance were recovered in the original planting location (6:4).

III.

HARVEST

Razor clams are located by looking for shows on the beach
near the surf line at low tide.

Shows are formed when the tip of the

clam's neck, which is near the surface while feeding, is withdrawn,
producing a slight depression or small hole in the sand.

The size of

the show often indicates the size of the clam (6:12).
In any type of digging it should be noted that the clam I s
neck may be stretched as much as a foot.

When disturbed the neck

is pulled in rapidly, giving the impression of rapid descent (6:12).
Already noted was the clam's ability to dig, but the rate of nine inches
per minute should not be of much concern to a clam digger with clam
chowder on his mind.

A special clam shovel has been designed so

that even a novice can get his limit in a short while.

This shovel is

inserted about four inches to the seaward side of the show with the
blade point straight down and not toward the clam.
lifted out until the clam is exposed.

Sand is then

Another tool used by the sportsman
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is the clam gun.

This is a cylinder of metal., closed at one end,

which is pushed down over the show.

Then the air vent in the

closed end is covered by the sportsman's finger and the gun is pulled
out of the sand.

Out comes the clam.

The limit per sportsman is

twenty-four clams in a twenty-four hour period.
tion as to size.

There is no restric-

Commercial razor clam production has been strictly

regulated since 1942 by setting a season quota.

When commercial

limits are achieved all digging must stop (3: 64).
Environment is not an obstacle to the preservation of the
razor clam.

Ample supplies of small clams are seeded each year

and there are no chronic pollution problems.

The future of the

razor clam, both co.mme rcially and as a tourist attraction., depends
upon a sound state management program (3:67).

IV.

OTHER VARIETIES

Hardshell clams comprise the remaining clam population
of Washington State.

In this classification the horse clam., the geoduc.,

the little neck., and the Puget Sound Butter Clam are the most familiar
(3:67).

These are found in Willapa Bay, Grays Harbor, and Puget

Sound.
The reproduction and growth characteristics of the hardshell clams are similar to those of the Pacific Oyster.

The spawning
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season is longer and reproduction takes place spasmodically during
the warmer .months as water reaches the proper temperature.
Fertilization takes place in open water and within twenty-four hours
a tiny clam forms (3:67).
Little neck clams are found in the tidal zones between
minus three and plus four feet in porous mixtures of sand., gravel,
and mud.

Most are found within six inches of the surface.

They are

the smallest of the major species and do not exceed a two and one
fourth shell size (6: 5).
Butter clams have thick shells and fine growth lines.
Indian mounds have yielded specimens up to six inches long., but the
usual length is three to five inches.

Butter clams live principally

below mean tides; therefore., a .minus tide is most productive (6:5).
Horse clams grow to an adult shell length of six to eight
inches.

They feed by extending their siphone up through the sand.

Horse clams are generally found below mean tide zone., one to three
inches under the beach surface.

The neck is extremely long and

cannot be fully enclosed in the shell.

Two leathery plates at the tip

of the siphon distinguish the horse clam from the geoduc (3:62).
The largest of the hardshell clams of Washington is the
geoduc.
Sound.

The center of abundance of the entire Pacific Coast is Puget
The average geoduc ranges between two and four pounds.
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Specimens as heavy as fourteen pounds have been reported.
are found below mean tide in sandy or muddy ground.

Geoducs

There is

little fear of exterminating the geoduc for only by heavy labor and
much persistence is the sportsman rewarded for his efforts {1: 111).
Large geoduc beds have been seen below thirty fathoms {6:6).

Since

commercial fishing for geoducs is prohibited., the clam will remain
an unusual challenge for the sportsman.

V.

RESEARCH AT POINT WHITNEY

Washington lacks a commercial clam that is able to compete
in interstate commerce in the fresh clam market.

The butter clam.,

Washington's tastiest "clam on the half shell.," is unable to withstand
transportation.

With both commercial interest and tourist attraction

in mind., the State Department of Fisheries is attempting to introduce
to Washington waters the Eastern Quahog clam.

Extensive research

is meeting with considerable success at Point Whitney in the Washington State Shellfish Laboratory.

As a result of this long and intensive

work., it now appears that commercial quantities of clam seed can be
produced economically under entirely environmentally controlled
conditions and the food that sustains these highly sensitive animals
during the various stages of their lives can be cultivated {3:81).
The techniques involved in rearing clam larvae under artificial conditions are not complex.

Briefly., the method used entails

21

six major steps:
1.

Conditioning the adult clams for spawning by holding
them in flowing water near spawning temperatures
for two to four weeks.

2.

Inducing spawning of the conditioned clams by raising
their water temperatures to above the normal spawning
temperature for several days.

3.

After spawning., the fertilized eggs are held in containers
which are placed in a constant temperature water bath
for forty- eight hours during which time they develop to
straight-hinge larvae.

4.

Feeding of known., successful larval food organisms in
predetermined concentrations is begun at forty-eight
hours. The larvae are fed daily and the water in the
rearing containers is changed every other day.

5.

The clams are transferred from culture containers to
rearing trays at settling size and continue to be handled
in much the same manner as the larvae until all swimming
tendencies have been outgrown.

6.

Culturing of larval food organisms is conducted with sterile
techniques in large glass containers under controlled
temperature and light intensity (3:81).
Through this research it is hoped that Washington State will

be able to maintain optimum clam production on the beaches.

CHAPTER V

SHRIMP

In recent years., the shrimp production of the State of
Washington has fluctuated sharply.

The figures of the early 1950 1 s

reveal a definite decline in the industry.
was 108, 098 pounds.

In 1951., the production

By 1955 this had dropped to 8, 248 pounds.,

a net loss of 99., 845 pounds.

However, in 1956 the expansion of

the ocean fisheries boosted production considerably.

In 1957., with

a production of 2, 452, 966 pounds., Washington led the Pacific Coast
in shrimp landings (5:75).
Five species of shrimp are taken for food in Washington
waters:

sopt shrimp, the coon stripe., the side stripe., and two

species of pink shrimp.

Of these five species, the two varieties of

pink shrimp have accounted for this boom.

These pink shrimp

mature to a length of three to five inches and are best suited for
cocktail use (6:8).
Although the ocean fisheries have been expanded., the major
shrimp processing centers remain in the Willapa Bay-Grays Harbor
District (6: 5).

CHAPTER VI

SUMMARY

This study has explored the shellfish resources of
Washington State.

The major species of shellfish., both from the

commercial aspect and from that of the sportsman., have been
examined.

The future of the shellfish industry seems assured.

The State Department of Fisheries has introduced and imposed
sensible conservational measures to combat depletion of the State's
shellfish reserves.

Research now being done at Point Whitney., near

Quilcene., point to the State's interest in maintaining shellfish
resources.

One can conclude that shellfish are a significant con-

tribution to Washington I s fisheries.

As a recreational activity.,

shellfish provide the citizens of Washington as well as the tourist
some of their most pleasurable moments.

Expanding fishing grounds

plus scientific research promise to more fully develop this resource.
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